Angiosperm leaf fossils (16.7-25 X Leaf tissues appearing a vivid green in color were excavated from lenticular tufts and tuffaceous siltstone and are thought to have been buried as a result of rapidly falling, relatively cool volcanic ash.
Certain physiochemical conditions may permit the preservation of cytoplasmic remnants in fossil materials of extreme age if autolytic or necrotic processes can be sufficiently reduced or temporarily stopped. In at least a few well-documented cases, the preservation of very delicate cytologic structures has been demonstrated in very ancient plant fossils (1) (2) (3) (4) (5) (6) (7) (8) (9) . Physical factors attending fossilization may also be sufficiently mild to permit the preservation of biochemical markers that have heretofore been thought too labile so as to preclude their presence in fossil sediments (10) (11) (12) (13) (14) (15) . While biochemical fidelity in fossils has prompted immunological investigations of problematic fossil taxa, § there are no reliable reports of biochemically intact membranes preserved in situ. Speculation as to the nature of geochemical factors favoring the preservation of living plant structures indicates that the gradual infiltration of mineralcharged fluids over relatively short time spans may permit the fixation of intracellular structures (16) . Few histologic examinations of fossil animal tissues have been attempted (17) other than in cases of cryologic permeation, as in frozen Pleistocene deposits (18, 19) . Rehydration of frozen tissue samples taken from the "mummified" remains of mammals dated at from 15, A leaf was carefully removed from the ash sediment and placed under nitrogen. The upper portion was maintained for scanning electron microscope analysis: the specimen was glued to a stub and then carbon,gold-palladium coated. The lower part of the leaf was fixed and embedded for transmission electron microscopy as follows: The light-brown leaf was placed into a fixative containing 2% (vol/vot) glutaraldehyde, 1% (wt/vol) tannic acid, and 50 mM cacodylate buffer at pH 7.2. At first the leaf floated, so it was swirled gently and intermittently for the first 15 min. At the end of this period, sufficient fixative had penetrated the tissue so that the leaf settled to the bottom of the fixation vial. The leaf was in the fixative for 45 min at 250, then transferred to 40 for 20 hr. After washes in buffer, the sample was postfixed in 2% OS04 in 50 mM cacodylate buffer, pH 7.2, for 3 hr at 4°. Then the sample was rinsed once in buffer as described above, then once in deionized water. The sample was dehydrated with ethanol and infiltrated with Abbreviations: K/A years, years by potassium/argon dating; PATAG, periodic acid-thiocarbohydrazide silver-staining method (23 
RESULTS

Morphology and ultrastructure
In situ fossil leaves were mechanically removed from associated rock matrices (Fig. 1 A-C) and prepared for scanning electron microscopy ( Fig. I D-F A structure interpreted as a heterochromatic nucleus is depicted in Fig. 2 Thin-layer chromatography on silica gel (40:10:1, vol/vol, hexane/ether/methanol) of the ether-soluble acids released by methanolic KOH hydrolysis indicates the presence of mono-, di-, and trihydroxy acids (20) . Two series of monohydroxy acids were detected; the high molecular weight hydroxy acids, 10,16-dihydroxyhexadecanoic acid and 9,10,18-trihydroxyoctadecanoic acid, were predominant. Leaves from which various "waxy" acids were extracted reveal, upon microscopic examination, a poorly defined cuticular layer, and these compounds are therefore thought to be located within the cuticular complex (see Figs (24) . Potassium/argon dates vary from 16.7 X 106 K/A years (22) to between 25 and 36 X 106 K/A years (20, 21) . Part of the age discrepancy is the result of rock alteration and the incorporation of detrital components in these tuffaceous deposits. For the purposes of this discussion, we accept the minimum age for the Succor Creek flora as between 16.7 and 25 X This section was subjected to cytochemical analysis for carbohydrates (24) ; the silver clearly is localized over the starch. Note the variation in staining of the inner and outer layers of the cell wall microfibrils. (X24,000.) Proc. Natl. Acad. Sci. USA 75 (1978) (3, 4) , nuclei (5) , and chloroplast-like bodies in Eocene Spirogyra (6); and cytoplasmic remnants in Eocene angiosperm leaf tissues (7) . In all but a few cases (8, 9) , these reports have been based upon light microscopy and confirmation of ultrastructural features is lacking. Regrettably, many modes of fossilization preclude the use of transmission or scanning electron microscopy, and laboratory-simulated fossilization (25) (27) , and fossil algae (28) indicate that bacterial fermentation may be prevented under some conditions. Provided that thermal gradients are small, cellulose may remain intact over considerable periods of time.
The geochemical mechanisms allowing the preservation of cellular ultrastructure appear to have involved: (a) rapid burial without heat damage; (b) rapid dehydration of the leaf tissue with accompanying cell shrinkage and damage to the plasma and vacuolar membranes; (c) subsequent release of flavanols and tanniferous compounds into the protoplasm, which could have served as endogenous "fixatives" of cell ultrastructure; and (d) gradual permineralization of some cellular cavities before possible microbial or excessive enzymatic degradation could have taken place.
It certainly now seems clear that some details of cellular ultrastructure, once preserved, can survive hundreds of thousands or even millions of years. Still more ancient fossils with excellent preservation of cellular ultrastructure may be discovered. In our opinion, older volcanic ash deposits may yield such fossils and should be carefully examined. Equally useful wou~da~~n~lyses of recent burials in ash (e.g., Kilauea Iki Eruption of 1959, Hawaii) to determine whether or not the relatively short-term preservation of cell ultrastructure is equal to that of Miocene fossil leaves.
